We demonstrate conversion of a 10GHz radio frequency signal directly to fiber optics. A Fabry-Perot cavity formed between a fiber tip and an AlN-film acoustic resonator electrode enables resonantly enhanced phase modulation of back-reflected light. State of the art optical modulators are an essential component in RF photonics, and require high speed, low loss, small V π , and large power handling capabilities for efficient RF functionality. High speed integrate modulators while achieving low values of V π ×L in the range of 1V-cm and 3dB/m loss have been limited in power handling in the 10's of mWs range [1]. High speed waveguide based LiNbO 3 modulators typically have insertion loss of 4dB, V π around 5V and can handle optical powers in the 100's of mW range, but require a larger foot print. Additionally, piezo-electrically actuated devices based on nano cavity-coupled optomechanics have been demonstrated [2]. These devices leverage strong coupling between optical modes and mechanical modes to drastically reduce V π, and enable modulator functionality over the narrow frequency range of the mechanical mode; however the large optical and mechanical Q's required for strong coupling regime operation limit both optical power handling and RF bandwidth.
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State of the art optical modulators are an essential component in RF photonics, and require high speed, low loss, small V π , and large power handling capabilities for efficient RF functionality. High speed integrate modulators while achieving low values of V π ×L in the range of 1V-cm and 3dB/m loss have been limited in power handling in the 10's of mWs range [1] . High speed waveguide based LiNbO 3 modulators typically have insertion loss of 4dB, V π around 5V and can handle optical powers in the 100's of mW range, but require a larger foot print. Additionally, piezo-electrically actuated devices based on nano cavity-coupled optomechanics have been demonstrated [2] . These devices leverage strong coupling between optical modes and mechanical modes to drastically reduce V π, and enable modulator functionality over the narrow frequency range of the mechanical mode; however the large optical and mechanical Q's required for strong coupling regime operation limit both optical power handling and RF bandwidth.
In this work we present an alternative method to achieve high speed, low loss, low V π modulators with substantially higher power handling. Our method enables a direct conversion of an RF signal to a fiber optic transmission system, by realizing a resonantly-enhanced phase modulation through mechanically actuating one end of a Fabry-Perot cavity in a cavity-coupled optomechanical system.aluminum nitride (AlN) film bulk acoustic wave resonator (FBARs) to construct optical phase modulators with high RF to optical transduction efficiency. A deep backside silcon etch will expose the bottom FBAR electrode and enable a tight friction contact of the fiber for a compact and monolithic system as illustrated in Figure 1b . Also the system configuration relaxes the optical and mechanical Q requirements. The RF bandwidth and center frequency is determined by the mechanical Q-factor and targeted at around 5% in the 10GHz range. We expect this device to find application where high-power, lowfootprint modulators, operating at narrow band, are needed.
The device configuration demonstrated in this work is illustrated in Figure 1a . A cleaved fiber tip (Nufern UHNA1) is positioned above a fabricated AlN FBAR with an aluminum top electrode which forms the back reflector. The FBAR is electrically driven at its resonant frequency in the 10GHz range. Piezoelectric actuation produces a vertical mechanical displacement of the top surface of the device, simulated using finite element analysis (Figure 1b) , at the RF frequency. 1550 nm light from the fiber reflects from the top electrode of the FBAR and then re-enters the fiber, resulting in phase modulation of the light. This phase-modulated signal is detected with a balanced homodyne interferometer. Ultimately, a dielectric stack mirror will be deposited on the end facet of the optical fiber, enhancing the phase modulation by a factor of the resulting optical cavity finesse. Additionally, we mention again, the final design involves backside etching to expose the back of the bottom electrode and integrating a coated single mode fiber in a monolithic design as shown in Figure 1b . The AlN FBARs were fabricated on a high resistivity silicon substrate, using a process described in [3] . The final device geometry, consisting of suspended 450 nm thick AlN disks with metal electrodes on top and bottom, is shown schematically in Figure 1b . A micrograph image of the device is shown in Fig. 1c . The fabricated FBARS where characterized both electrically and optically. RF testing showed resonant frequencies in excess of 8GHz with k t 2 values near 3.5%. Confocal imaging and sensing of the vertical displacement in a balanced homodyne detection setup are shown in figure 2, indicating that the vertical displacement profile is smooth and well-shaped, having the maximal displacement in the center of the FBAR device.
Currently the bare end fiber was used to test the system. For this case, the overall device performance is shown in Figure 3 . In this configuration, the optical cavity finesse is 1, but we will show that when we add a dielectric coating we will create a high finesse optical cavity, improving the RF to optical transduction by a factor of the cavity finesse. The phase scales linearly with the cavity finesse. Our initial result allows us to project performance metrics. Additionally, because of the close proximity of the fiber facet and FBAR surface, diffraction losses are minimal. The overall performance is therefore limited by RF to vertical displacement transduction in the FBAR.
Presently we show a phase detection of 20 μ-rad with 0dBm RF-excitation at 8.85GHz. However, by increasing the optical cavity finesse with a dielectric stack mirror, we can directly improve the RF to optical transduction. An optical cavity finesse of 1000 (loss ~ .6%) and 6000 (loss ~ .1%) would enable a π phase shift at 43 dBm and 24 dBm respectively. Thus we expect a V π in the 5 Volt range comparable to a typical LiNbO 3 phase modulator. Thus, with reasonable improvements in the finesse, our system can achieve a similar V π performance but with a substantially reduced footprint compared to conventional modulators. Additionally, we expect substantially higher power handling, a key feature, limited only by the absorption in the metallic top electrode. This concept can therefore provide significant gains for optical links for fiber optic communication. 
